The potential effect of repetitive transcranial magnetic stimulation (rTMS) on core positive and negative symptoms in schizophrenia has
T ranscranial magnetic stimulation (TMS) is a promising new therapeutic tool that could benefit schizophrenia patients. However, the potential effect of transcranial magnetic stimulation (TMS) on core negative and positive symptoms of schizophrenia has not yet been clearly established. Negative symptoms in schizophrenia affect the course of the disease adversely and impair social functioning more than do positive symptoms. Successful control of negative symptoms constitutes a great clinical challenge. Several initial studies on negative symptoms have suggested that the condition seems to respond to high frequency (20 Hz, 10 Hz) repetitive transcranial magnetic stimulation (rTMS). [1] [2] [3] [4] However, significant methodological limitations, including an open design, lack of predefined stimulation parameters and randomization, limited these earlier findings. Recently, one trial by Hajak et al. 5 documented the superiority of 10 Hz rTMS using a sham-controlled parallel design (110% of motor threshold, over left dorsolateral prefrontal cortex), and found statistically significant improvement in negative symptoms of schizophrenia patients. Interestingly, in this study, positive symptoms deteriorated from baseline. However, in another recent study with a similar controlled design, Jandl et al. 6 failed to find significant improvement. In the case of positive symptoms, several initial reports of rTMS have suggested that it may be able to modulate the intensity of persistent auditory hallucinations. Hoffman et al. 7 found that 1 Hz rTMS applied to the left temporoparietal cortex could reduce hallucination severity. However, McIntosh et al. 8 later failed to reproduce the same finding. Furthermore, three recent studies 9-11 using a double-blind, sham-controlled design have given inconsistent results. Significant improvement noticed by Hoffman et al., 9 using 1 Hz rTMS, was not replicated by Fitzgerald et al. 10 and Saba et al., 11 who failed to find such differences in their studies. Considering the fact that successful rTMS of schizophrenia may be linked to stimulation frequency and symptom profile, there is a need for further studies to investigate the suitability and efficacy of 10 Hz, suprathreshold rTMS on schizophrenic negative symptoms with a parallel design. Thus, the aim of this study was to examine the replicability of the efficacy of adjuvant 10 Hz, suprathreshold left prefrontal rTMS in negative symptoms of
schizophrenia in a double-blind sham-controlled design. Our study also investigated the suitability of applying the same stimulus condition on positive symptoms.
METHOD
Ten right-handed male patients meeting ICD-10-DCR (International Classification of Disease, 10th revision, Diagnostic Criteria for Research) criteria for schizophrenia and hospitalized in the Central Institute of Psychiatry, Ranchi, entered the pilot study, which was conducted before a larger trial. Written informed consent was obtained after detailed explanation of the study in the presence of a first-degree relative. None of the patients had a history of brain trauma, seizures, or drug abuse (except nicotine and caffeine), and all had normal neurological and general physical examinations. Patients had been either drug-naïve or drug-free for at least 2 months. Upon entering the study, each consecutively selected patient was allocated to rTMS and sham treatment group alternately with the first patient receiving active rTMS. Patients were started on antipsychotic medications (both typical and atypical, depending on individual clinical need) after entering into the study and were kept on the same dose for the entire duration of the trial. PRN treatment included use of anticholinergic medications and benzodiazepines for both groups. The study strictly followed a double-blind paradigm as both patients and rater remained blind for the given mode of treatment throughout the duration of the study. with a figure-eight coil was used for stimulation. Treatment protocol consisted of one daily session 5 days a week for 2 weeks. Each treatment session consisted of active high frequency (10 Hz) stimulation administered (4.9 seconds on and 30 seconds off) 20 times per 20-minute session at 110% of the motor threshold with the coil over the left prefrontal area (tangential to the midline) at a point 5 cm anterior to the scalp position at which the motor threshold had been determined. Determination of motor threshold was performed before each session in both groups using single pulse stimulation over the left primary motor cortex, which was assessed as the lowest intensity that could produce five visible movements of the right abductor pollicis brevis out of 10 stimulations. Sham treatment was administered at 10 Hz with one wing of the figureeight coil in contact with the scalp and at a 45Њ angle with respect to the head. The Positive and Negative Syndrome Scale (PANSS) 12 and the Clinical Global Impression (CGI) scale 13 were used to assess schizophrenic symptoms. Clinical ratings were performed before the baseline assessment and then after the last treatment session. Before each session, we specifically asked patients for side effects, and recorded all adverse events spontaneously reported or noted. We used the Calgary Depression Scale for Schizophrenia (CDSS) 14 to assess depressive symptoms and to disentangle them from negative symptoms in both groups before and after treatment. All 10 patients (five rTMS and five sham) completed the 2-week treatment protocol.
Statistics
We used chi-square and Mann-Whitney U tests to compare the demographic and clinical characteristics of the two groups. To compare the overall effect of treatment over time for the two groups, we employed a set of multivariate repeat measures analysis of variance (ANOVA), with treatment as the between-group factor and time as the within-subject factor. Because of small sample size, we checked for sphericity assumptions using Mauchly's test of sphericity. Analysis revealed violation of the sphericity rule. Consequently, we performed the Greenhouse-Geisser correction. We used Spearman's rho to see the correlation between negative and depressive symptoms, and analyzed data using the Statistical Package for Social Sciences (SPSS, Inc., Chicago) version 11.0.
RESULTS
Two rTMS patients reported moderate headaches that lasted a few hours after treatment and responded to an- algesics. No serious adverse effect was reported. Three (60%) patients showed much improvement in the active group compared with sham, where three (60%) patients showed minimal improvement per the CGI-Improvement scale. Repeat measure ANOVA with treatment as the between-group factor revealed that there was significant negative symptoms ‫ן‬ group interaction, where improvement was seen more in the active rTMS group at the end of the treatment (Pillai's Trace F‫,204.21ס‬ p‫()800.0ס‬Figure 1 
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DISCUSSION
The most robust finding in the present study was that active rTMS showed superiority over sham treatment in treating negative symptoms and this treatment efficacy is not attributable to improvement in depressive symptoms as both negative and depressive symptoms were independent of each other in our study. Interestingly, in our study, PANSS positive score did not improve with active stimulation. The differential efficacy of suprathreshold left prefrontal 10 Hz rTMS on negative symptoms and not on positive symptoms validates Hajak et al.'s 5 report of the efficacy of this stimulation parameter in controlling negative symptoms of schizophrenia and also indicates the nonsuitability of these rTMS stimulation parameters for controlling positive symptoms. As described earlier, significant reduction of negative symptoms in our study could be ascribed to correction of dysfunctional dopaminergic neurotransmission, which is thought to be associated with negative symptoms by suprathreshold, high frequency left prefrontal rTMS. 15 However, use of the same coil to administer sham stimulation along with small sample size comprising only the male population may limit our findings.
